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Sensitive Biliary Marker for Human
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Atsushi Matsuda,' Atsushi Kuno,' Toru Kawamoto,® Hideki Matsuzaki,' Tatsuro Irimura,’ Yuzuru Ikehara,'
Yoh Zen,* Yasuni Nakanuma,* Masakazu Yamamoto,” Nobuhiro Ohkohchi,6 Junichi Shoda,’
Jun Hirabayashi,' and Hisashi Narimatsu'

Cholangiocarcinoma (CC) is an aggressive malignant tumor for which useful markers are
not presently available for early and precise diagnosis. The aim of this study was therefore
to identify a high-performance diagnostic marker with a special focus on glyco-alteration
of glycoproteins. In the course of study, we found that Wisteria floribunda agglutinin
(WFA) is the best probe to differentiate intrahepatic cholangiocarcinoma (ICC) lesions
from normal bile duct epithelia (BDE) (2 < 0.0001). The subsequent histochemical study
confirmed ICC-specific WFA staining on 165 tissue specimens. On the other hand, the
WFA staining was shown to be closely associated with that of MY.1E12 established previ-
ously against sialylated mucin 1 (MUC1) by double-staining experiments. Moreover,
glyco-alteration of MUCI could be verified by western blotting of WFA-captured bile sam-
ples from patients with CC patients. Thus, we attempted to construct an enzyme-linked
immunosorbent assay system for more convenient CC diagnosis, where WFA-coated
plates, the specific monoclonal antibody MY.1E12, and the bile specimens from CC
including ICC (n = 30) and benign diseases (n = 38) were combined. As a result, CC was
clearly distinguished from benign diseases with statistical scores (sensitivity = 90.0%,
specificity = 76.3%, and area under the curve = 0.85). As a particular note, the obtained
sensitivity is the highest score among those having been so far reported. Conclusion: Our
approach focusing significant glyco-alteration of a particular glycoprotein yielded a novel
diagnostic system for CC with satisfactory clinical scores. (HeraroLoGY 2010;52:174-182)

holangiocarcinoma (CC) is an aggressive ma- contributes to only 15% of the total incidence of pri-
lignant tumor arising from the epithelial lining mary liver cancer,’ recent epidemiological reports show
of the intrahepatic biliary tract. Although it that the CC incidence has increased significantly in
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the past decades.”” Because of the late clinical presen-
tation, CC is in most cases fatal by the time it
becomes clinically evident.* From a general viewpoint,
prognosis of CC is also poor, with a 5-year survival
rate of less than 5%. Therefore, CC can be cured if a
surgical resection is performed at a relatively early
stage. In clinical practice, however, CC is not easily
amenable to surgery because most diagnoses are made
at the advanced stage. As a result, 75% of patients
with CC die within 1 year of diagnosis.’

As conventional serum CC markers, carbohydrate
antigen 19-9 (CA19-9) and carcinoembryonic antigen
(CEA) are used widely. However, they are not neces-
sarily good CC markers in terms of sensitivity.®
CA125 is also described as a potential CC marker in
serum, although its sensitivity is much lower (40%-
50%).° Recently, serum Mac-2-binding protein has
been nominated as a new CC marker in serum. Never-
theless, its sensitivity is as low as 68.8%.” Moreover,
serum concentrations of these markers, e.g., CA19-9,
are known to be elevated in other malignant tumors,
as well as in benign diseases, such as choledocolithiasis
or hepatolithiasis associated with cholangitis. In this
respect, serum is a difficult target to develop high-spec-
ificity diagnosis markers. In this context, CA19-9 and
CEA can also be expected to be useful for bile diagno-
sis. Unfortunately, the sensitivity of CA19-9 is not
high enough, and that of CEA is still lower.**%9 At
present, however, CA19-9 is regarded as a “high-sensi-
tivity” marker for the bile diagnosis of CC, although
the reported diagnostic scores are not satisfactory; i.e.,
65.0% (sensitivity), 69.0% (specificity), and 0.69 (area
under the curve [AUC]).” On the other hand, imaging
techniques such as ultrasonography, computed tomog-
raphy, and magnetic resonance cholangiography are
also performed as well as pathological diagnosis for
confirmation of CC. However, this diagnosis of CC is
difficult because of its location, size, and desmoplastic
characteristics.*° Regarding the diagnosis of CC, bili-
ary cytology and brush cytology are performed rou-
tinely, although the sensitivity of exfoliative biliary cy-
tology is generally low (40%-69%).'%12 Thus, a novel
biological diagnostic marker for CC is needed to pro-
vide a fully workable method to identify the lesion at
as carly a stage as possible.

Aberrant glycosylation is often associated with indi-
vidual steps of carcinogenesis and progression.'>'* For
example, CA19-9 is a representative carbohydrate anti-
gen, sialyl-Le®, whose expression is associated closely
with cancers originating from digestive tissues. Crit-
ically, however, core proteins that carry this classic epi-
tope have not been characterized fully. By contrast,
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o-fetoprotein (AFP) has been shown to function as a
good diagnostic marker of hepatocellular carcinoma
(HCC), and its sensitivity and specificity have been
improved significantly by combining measurement of
AFP level with Lens culinaris agglutinin reactivity
(AFP-L3).">!¢ AFP-L3 is defined as a glycoprotein
carrying biantennary N-glycan(s) having a 1,6 core
fucose, whose expression is relatively low in liver cir-
rthosis. This difference in expression emphasizes the
importance of glycosylation change (glyco-alteration)
occurring on the same protein.'” Thus, glyco-alteration
of particular glycoproteins has attracted increasing
attention among biomarker investigators.

We recently developed a simple and ultrasensitive
procedure for differential glycan profiling based on a
lectin microarray.'®2° This novel array technology ena-
bles a straightforward, high-throughput glycan analysis
with multiplex lectins that can target even formalin-
embedded small tissue sections (<1.5 mm in diameter,
5 pum in thickness).”! Using this advanced technology,
we identified Wisteria floribunda agglutinin (WFA) as
the best probe to detect glyco-alteration in ICC and to
distinguish the expression in ICC lesions from that in
normal specimens. We further identified mucin 1
(MUCI1) as a potential ICC-specific glycoprotein
marker that carries WFA-positive glycans. MUCI is
known as a highly glycosylated mucin associated with
malignancy in many other organs.”> Using two rele-
vant probes, i.e., o/ f-N-acetylgalactosamine (GalNAc)-
specific lectin  (WFA) and anti-sialylated MUCI
monoclonal antibody (mAb) (MY.1E12), we developed
a novel sandwich (i.e., lectin-antibody) assay system.
The established enzyme-linked immunosorbent assay
(ELISA) system allows the direct diagnosis using
human bile specimens with far better sensitivity
(90.0%) than that provided by any of the previous
CC diagnosis systems including bile cytology.

Patients and Methods

Specimens. Archival formalin-fixed, paraffin-embed-
ded liver tissue specimens from 105 surgical cases of
ICC (14 with hepatolithiasis and 91 without hepatoli-
thiasis), 10 cases of hepatocellular-intrahepatic cholan-
giocellular carcinoma (HCC-ICC), 25 cases of HCC,
and 25 samples of normal liver (from patients with
metastatic liver tumors) were used in this study. Sup-
porting Table 1 summarizes the sex and mean age of
the patients, and the pathological features of these
cases. In dertail, tissue specimens from 45 cases of ICC
(14 with hepartolithiasis and 31 without) were used in



176 MATSUDA ET AL.

the lectin microarray analysis. For histochemical analy-
sis, specimens from 83 cases of ICC, 10 cases of
HCC-ICC, 25 cases of HCC, and 25 normal livers
were used.

Bile specimens were obtained by percutaneous transhe-
patic biliary drainage from 18 patients with CC and at
surgery from 12 patients with CC. In the analysis of bile
cytology, three of the 18 specimens obtained by percuta-
neous transhepatic biliary drainage were positive (class V),
eight were negative (class I, II, or Illa), and the other
seven were suspect (class IIIb or IV). These bile samples
were obtained from the patients diagnosed with CC by
surgical resection. In addition, for 16 patients with hepa-
tolithiasis, ductal bile was obtained at surgery from the
hepatic ducts affected by intrahepatic stones and the unaf-
fected hepatic ducts, with particular care taken to avoid
contamination with blood. For patients with common
bile duct stones (n = 9), gallbladder stones (n = 10),
cholangiectasis (n = 1), bile duct stenosis (n = 1), and
pancreatitis (n = 1), ductal bile was also obtained from
the common bile ducts at surgery. The bile specimens
were stored at —80°C undil use. The study protocol con-
formed to the ethical guidelines of the Declaration of
Helsinki (1975). All patients provided written informed
consent for the analysis of the biopsy specimens or drain-
age bile. The protocol for this study was approved by the
ethical committee of Kanazania University, Tokyo Wom-
en’s Medical University and University of Tsukuba.

Lectin Microarray Analysis Using Samples from
Tissue Sections. Differential glycan profiling of tissue
sections was performed essentially as described.* Briefly,
formalin-fixed, paraffin-embedded ICC tissue sections
were deparaffinized, and the relevant tissue fragments
including cancerous (n = 45) and normal bile duct epi-
thelia (BDE) (n = 38) lesions (corresponding to 1.0 mm
square and 5 um thickness, respectively) were then
scratched from the glass slide using a needle (gauge size:
21 G) under a microscope. Total protein extracts from
the scratched tissue fragments thus obtained were fluores-
cence-labeled with 10 pug of Cy3-succimidyl ester (SE;
Amersham Biosciences, Tokyo, Japan). After blocking
free Cy3-SE with 0.5 M glycine in Tris-buffered saline
containing 1% Triton X-100 (TBSTx), an aliquot (1/4)
was applied to a lectin microarray slide. Fluorescence sig-
nals were measured on a GlycoStation scanner (Moritex
Co., Tokyo, Japan). The obtained lectin microarray data
were analyzed on the basis of normalized signal intensities
as described,?® where the lectin showing the strongest sig-
nal intensity (max intensity) was assigned a value of 1.0.

Statistics. The values are presented as the median
+ standard error of the mean (SEM). A two-sided
Welch or Student # test was used to compare the clini-
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copathological data between groups. All calculations
were performed using Origin version 7.5 software for
Windows (OriginLab Co., Northampton, MA). Re-
ceiver operating characteristic (ROC) curve analysis
was performed to evaluate the differences between
ICC and benign disease on the bases of sensitivity and
specificity at various cutoff levels. An area under the
ROC curve (AUC) of 1.0 indicates perfect discrimina-
tion, whereas an area of 0.5 indicates that the test dis-
criminates no better than chance.”*

Histochemical Analysis. WFA staining was per-
formed using biotinylated WFA (Vector Co., Burlin-
game, UK). Detection was made with Histofine Sim-
ple Stain MAX-PO (Nichirei Co., Tokyo, Japan). The
tissue sections were deparaffinized and then autoclaved
to enhance the WFA reactivity. After cooling to room
temperature, endogenous peroxidase was blocked by
incubating the sections in methanol containing 0.3%
hydrogen peroxide. The tissue sections were blocked
with phosphate-buffered saline (PBS) containing 1%
(wt/vol) bovine serum albumin (BSA), and the sections
were incubated with 2 ug/mL of biotinylated WFA in
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid for
1 hour at room temperature. The sections were incu-
bated with streptavidin—peroxidase reagents, reacted
with 3,3’-diaminobenzidine tetrahydrochloride for vis-
ualization, and counterstained with hematoxylin.

Fluorescent double-staining was performed with bio-
tinylated WFA and Cy5-SE-labeled anti-biotin anti-
body, together with mAb MY.1E12, whose epitope
structure has been established, MUCI1 with sialylated-
T antigen, and Alexa Fluor 488-labeled secondary
antibody.zs’26 For nucleic acid staining, the slides were
incubated with TO-PRO-3 (Invitrogen, Carlsbad, CA;
1:5000 in PBS) for 10 minutes. The slides were
washed with PBS, mounted in ProLong Gold Antifade
Reagent (Invitrogen) and examined using an LSM 510
confocal laser microscope (Carl Zeiss Inc., Oberko-
chen, Germany).

Lectin-Affinity Purification of Bile Specimens. Bile
samples from the patients with central type CC and
the patients with hepatolithiasis were centrifuged at
16,000¢ for 20 minutes at 4°C, and the supernatants
were collected. The protein concentration was meas-
ured with Micro BCA (Pierce, Rockford, IL) using
BSA as a standard.””*® For WFA-affinity purification,
20 ug of total protein from the bile samples described
above and 2 ug of preconjugated biotinylated WEFA,
streptavidin-immobilized magnetic beads (Streptavidin-
coupled Dynabeads; Invitrogen) were used.”” The
beads were incubated with bile for 9 hours at 4°C, the
supernatants were then excluded, and the beads were
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washed twice with 200 uL of PBS containing 1% Tri-
ton X-100 (PBSTx). Elution was performed with 10
uL of elution buffer (1% sodium dodecyl sulfate in
PBS containing 0.2 M galactosamine). To ensure com-
plete elution, the beads were incubated overnight at
room temperature, and the supernatants were then col-
lected and used as the eluted fractions.

Western Blotting Analysis Using MY.1E12
mAb. The eluted fractions and 20 ug of supernatants
in the crude bile samples were dissolved in sample
buffer (12 mM Tris-HCI, pH 6.8, 5% [vol/vol] glyc-
erol, 0.4% sodium dodecyl sulfate, 0.02% bromophe-
nol blue). The proteins were separated by 1% agarose
gel electrophoresis at 50 mA for 90 minutes under
nonreducing conditions and then transferred onto a
polyvinylidene fluoride membrane by vacuum blotting.
The transferred membrane was blocked with 4% (wt/
vol) skim milk in TBS-t (TBS containing 1% Tween
20) overnight at 4°C and then incubated with 0.5 pg/
mL of mAb MY.1E12 in TBS-t containing 1% BSA
for 2 hours at room temperature. After washing with
TBS-t, the membrane was incubated with 1/10,000-
diluted alkaline phosphatase-conjugated anti-mouse
IgG in TBS-t for 1 hour at room temperature. After
washing, the membrane was visualized with Western
blue detection reagents (Promega, Madison, WI).

Sandwich ELISA with Combination of MY.1E12
and WEFA. Flat-bottomed 96-well streptavidin-pre-
coated microtiter plates (Nunc International, Tokyo,
Japan) were treated with biotinylated WFA (Vector,
1.0 ug/well) for immobilization for 1 hour at room
temperature. The plates were incubated with bile (pro-
tein amount adjusted to 10 ug/well) in PBS containing
0.1% Tween20 (PBS-t) for 2 hours at room tempera-
ture and then with either 50 ng/well of MY.1E12 in
PBS-t for 2 hours at room temperature. For conven-
tional antibody-antibody sandwich assay as a control,
MY.1E12 (0.5 ug/well) was coated on flat-bottomed
96-well microtiter plates (Greiner Bio-one Co., Tokyo,
Japan), and 100 ng/well of biotinylated MY.1E12 in
PBS-t was overlaid. The plates were washed extensively
and then incubated with 100 ul of either a 1/4000-
diluted solution of horseradish peroxidase (HRP)-con-
jugated anti-mouse IgG (Jackson ImmunoResearch
Laboratories Inc., Philadelphia, PA) in PBS-t for
MY.1E12 or a 1/20,000 diluted solution of HRP-con-
jugated streptavidin (Jackson) in PBS-t for biotinylated
MY.1E12 for 1 hour at room temperature. One hun-
dred microliters of the substrate 3,3,5,5'-tetramethyl
benzidine (Thermo Fisher Scientific, Fremont, CA) so-
lution was added to each well. The enzyme reaction
was stopped by adding 100 uL of 1 M sulfuric acid,
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and the optical density (OD) was measured at 450
nm. For differential analysis, the ratios were measured
relative to values in healthy volunteer sera. All experi-
ments were performed in duplicate, and the median
was used as the final value for each sample.

Results

Lectin-Microarray Analysis Using Tissue Sections. To
identify the most relevant lectin specific for CC, we
first performed differential glycan profiling using paraf-
fin-embedded, formalin-fixed ICC tissue sections,
which include both cancerous lesions and normal
BDE (Supporting Table 2). We found significant dif-
ferences in several lectins. The signal intensities of four
lectins, T/Tn-antigen binder BPL, H-antigen binder
TJA-II, terminal o/f-GalNAc binder WFA,>® and a T-
antigen binder ACA, were higher in the cancerous
lesions than in the normal BDE. The ratios between
the values in tumor versus normal BDE (T/N) for the
relative signals were 2.3 for BPL, 2.4 for TJA-II, 4.6
for WFA, and 2.0 for ACA, respectively. These were
significant at 2 < 0.0001. Comparison of cancerous
lesions and normal BDE in the same patient’s speci-
men (14 and 10 cases with and without stones, respec-
tively) showed the highest values for the WFA signal
among the four lectins (2 < 0.0001 without stones
and P < 0.0015 with stones) (Fig. 1). The WFA sig-
nal also showed the best result in the ROC curve anal-
ysis, with high scores for sensitivity (87.4%), specificity
(92.1%), and AUC (0.93) (Table 1). These results
strongly suggest that the high WFA signal observed
correlated closely with the glycosylation change specific
for cancerous lesions of ICC.

Histochemical Approach to Analyze the Specific
Expression of WFA-Reactive Glycans in ICC. To
confirm the above result, we took a histochemical
approach to visualize the expression of WFA-reactive
glycans using biotinylated WFA. Cancerous lesions of
ICC (n = 90), normal BDE (n = 25), hepatocellular
carcinoma (HCC) (n = 25), and combined HCC-
ICC (n = 10) were used as specimens. The observed
results are summarized in Table 2. In the ICC cancer-
ous lesions, significant WFA staining was detected
with high frequency in both ICC (83/90; 92.2%) and
ICC elements of HCC-ICC (8/10; 80.0%). In normal
BDE, some staining was observed, but with much less
frequency (8/25; 32.0%) and intensity than for the
cancerous lesions (Fig. 2). Conversely, no WFA-posi-
tive staining was observed (0/10; 0%) in hepatocellular
carcinoma cells of HCC and HCC lesions of HCC-
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Fig. 1. Differential glycan analysis in ICC and normal BDE lesions within the same patient with stones and without stones in the tissue. A dot
graph representation of the data obtained for four representative lectins shows significant differences in signals between ICC and normal BDE
lesions in the same specimens (i.e., patients and dates). (A) The results of differential analysis of 10 specimens obtained from the ICC patients
without intrahepatic stones. (B) The results of differential analysis of 14 specimens obtained from ICC patients with stones. Significant differen-
ces between ICC and normal BDE lesions within the same tissue sections were validated by a corresponding t test using normalized data sets of

the selected four lectins obtained by lectin microarray analysis.

ICC. These results support the idea that WFA-reactive
glycans are expressed specifically in ICC.
Double-Staining Analysis with MY.1E12 and
WIFA. It is known that the expression of sialylated
MUCI increases in CC and correlates significantly
with tumor malignancy. For this molecular species, a
specific mAb, MY.1E12, has been established and
characterized.”>?**"3? We investigated the possibility
that sialylated MUCI colocalizes with the WFA-reac-
tive glycans using a fluorescence double-staining
method of ICC tissue sections. The staining was per-
formed with MY.1E12 and Alexa Fluor 488-labeled
anti-mouse IgG antibody (green, Fig. 3B), together
with biotinylated WFA and Cy5-SE-labeled anti-bio-
tin mAb (red, Fig. 3C). Both WFA and MY.1E12
probes stained mainly the apical surface of epithelial

Table 1. ROC Curve Analysis of the Data Obtained in the
Lectin Microarray

BPL TIA-NI WFA ACA
Normal BDE (n = 38)
Positive 4 6 3 8
Negative 34 32 35 30
ICC (n = 45)

Positive 28 32 39 30
Negative 17 13 6 15
Specificity (%) 89.5 84.2 92.1 79.0
Sensitivity (%) 62.2 71.1 87.4 66.7
AUC 0.80 0.83 0.93 0.78

Abbreviations: AUC, area under the curve; BDE, bile duct epithelia; ICC, intra-
hepatic cholangiocarcinoma.

cells in the cancerous lesions (Fig. 3B,C). The two
stains merged well (yellow, Fig. 3D). These results
indicated that WFA-reactive glycans are carried, at
least partly, on sialylated MUCI in cancerous lesions.
Pulldown Assay of Sialylated MUCI- and WEFA-
Reactive Glycoproteins in Bile. The above results
strongly implied that sialylated MUCI is a candidate
glycoprotein that carries ICC-associated, WFA-reactive
glycans. As the next step, we performed a pulldown
assay using biotinylated WFA preconjugated streptavi-
din beads and bile samples. The samples were the bile
specimens from hepatolithiasis patients as the benign
disease control (n = 5) and from patients of intra and
extra hepatic CC (n = 5). The pretreated bile was
probed with MY.1E12 by western blotting (for experi-
mental details, see Patients and Methods). The pres-
ence of sialylated MUCI was observed even in the

Table 2. Summary of Histochemical Analysis with WFA

WFA Stain
Tissue Specimens Negative Positive
ICC (n = 90) 7 (8%) 83 (92%)
Combined HCC-ICC (n = 10)
ICC 2 (20%) 8 (80%)
HCC 10 (100%) 0 (0%)
HCC (n = 25) 25 (100%) 0 (0%)
Normal BDE (n = 25) 17 (68%) 8 (32%)

Abbreviations: BDE, bile duct epithelia; HCC-ICC, combined hepatocellular
cholangiocarcinoma; HCC, hepatocellular carcinoma; ICC, intrahepatic
cholangiocarcinoma.
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Fig. 2. Histochemical analysis of WFA-reactive tissue sections in specimens from patients with ICC. (A) Normal BDE region. WFA-reactive gly-
cans are expressed on the apical surface of the epithelial cells, but their stain is relatively weak. (B) Well-differentiated ICC cells. WFA-reactive
glycans are expressed strongly on the apical surface of the pathological bile duct. (C) Poorly differentiated ICC cells. WFA antigen is evident in
the cytoplasm of the cells (original magnification, 40x). (D) HCC lesions of the combined type HCC-ICC. No WFA-positive staining was observed.
(E) Mixed lesions containing HCC and ICC in the combined type HCC-ICC. WFA-positive staining was observed selectively in ICC elements. (F)
ICC elements of the combined type HCC-ICC (original magnification, 20x). The reaction was visualized by DAB staining and the sections were

counterstained with hematoxylin.

crude bile in four of five control samples, and all five
CC samples (Fig. 4A), indicating that sialylated
MUCI is a common structure to both hepatolithiasis
and CC. By contrast, sialylated MUCI expression was
much lower in WFA-pretreated bile (only one of five
samples) but was observed in all five CC samples (Fig.
4B). These results show clearly that sialylated MUCI1
carries WFA-reactive glycans contained in the bile of
CC patients.

Diagnosis of Bile-Sialylated MUC1 with mAb
MY.1E12/WFA Sandwich ELISA. Because the WFA-
MY.1E12 combination showed good potential to iden-
tify CC-specific markers in bile (Fig. 4), we next
attempted to develop a sandwich ELISA system, where
WFA is immobilized to capture CC-specific glycan
moiety and MY.1E12 is used as the detection probe
(for experimental details, see Patients and Methods).
The assay was performed to distinguish CC (n = 30,
comprising intra and extra hepatic CC) from benign
duct disease bile with hepatolithiasis (n = 16), com-
mon bile duct stones (n = 9), gallbladder stones (n =
10), cholangiectasis (n = 1), bile duct stenosis (n =
1), and autoimmune pancreatitis (n = 1). S/N ratios
were determined with normal sera of healthy volun-
teers as a negative control (n = 3). The values were
significantly higher in patients with CC than in those
with benign bile duct disease (? = 0.0004; Fig. 5A).
To evaluate the performance of the ELISA system in

discriminating CC from benign bile duct diseases, we
analyzed the ROC curve. The AUC = 0.86 at a cutoff
value of S/N = 6.64 (solid line in Fig. 5C), providing

the best separation (i.e., minimal false-negative and

Fig. 3. Fluorescence double-immunostaining with WFA and a mAb,
MY.1E12, in ICC tissue. (A) The nucleus is stained with TO-PRO-3 (blue
fluorescence). (B) Sialylated MUC1 was visualized by Alexa Fluor 488
(green fluorescence). (C) WFA was visualized by Cy5-SE-labeled anti-biotin
antibody (red fluorescence). (D) The merged image shows the colocaliza-
tion of WFA and sialylated MUC1 staining shown in yellow. All panels are
as viewed by fluorescence microscopy (original magnification, 100x).
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false-positive results). We correctly identified 27 of 30
patients with CC (90.0% sensitivity) and excluded 29
of 38 patients with benign duct disease (76.3% speci-
ficity). For comparison, a conventional format of
antibody-antibody sandwich system, i.e., MY.1E12-
MY.1E12, was also performed. However, none of the
obtained scores was better than those of the present
WFA-MY.1E12 system: (P = 0.0138). The sensitivity
was 56.7%; specificity, 84.2%; and AUC, 0.75 at a
cutoff value of S/N = 9.36 (Fig. 5B and broken line
in Fig. 5C). These results are better than those pro-
duced by biliary cytology (Table 3).

Discussion

Early and correct diagnosis of CC is still an urgent
issue even with the aid of modern detection technolo-
gies. Although many CC-associated serological
markers, such as CA19-9,°%° MUCSAC,** and Mac-
2-binding protein,” have been proposed, none of
them has satisfactory sensitivity. With special focus on
cancer-associated glyco-alteration, we recently proposed
a robust strategy to develop high performance glyco-
protein biomarkers using advanced technologies of gly-
copropteomics.'”?* Along with the established strategy,
we attempted differential glycan analysis using tissue
sections containing both normal BDE and ICC lesions
from the same patients. An ultrasensitive glycan profil-
ing technology, lectin microarray mined WFA>® as the
most promising probe to differentiate ICC from nor-
mal BDE with a significant P value (<0.0001). Subse-
quent histochemical analysis of 150 ICC sections using
biotinylated WFA could confirm the strong expression
of WFA-reactive glycans specific in cancerous lesions.

The main aim of this study is to develop a robust
diagnostic system targeting molecular bio-markers

involved in body fluids. We have chosen bile as the
primary target, because the bile is in direct down-
stream of CC, and thus, is expected to contain much
higher amounts of candidate marker molecules than in
serum. In this study, we hypothesized that sialylated
MUCI, established as an antigen for MY.1E12 mono-
clonal antibody and known to express well in BDE
and CC cells, is one of the glycoproteins that carries
the WFA-reactive glycans. As expected, staining with
both MY.1E12 and WFA merged well in the cancer-
ous lesions in ICC tissue sections (Fig. 3). In addition,
the presence of sialylated MUCI carrying WFA-reac-
tive glycans was confirmed by western blot analysis
using WFA-enriched bile fractions (Fig. 4). Therefore,
it is conclusive that sialylated MUCI is a carrier pro-
tein of WFA-reactive glycans in both ICC tissues and
bile fluids. Thus, we developed a novel sandwich
ELISA system that combined WFA and MY.1E12 to
target bile samples (30 cases of CC and 38 cases of be-
nign bile duct diseases). The sensitivity (90.0%) and
AUC (0.86) obtained were superior to those produced
by previous methods. Biliary cytology gave only poor
sensitivity (10/18; 55.6%), though it is performed as a
routine test in the present diagnosis of biliary tract car-
cinoma. The result of CA19-9 using a commercial kit
and the same specimens for comparison was also
unsatisfactory: i.e., sensitivity (62.1%), specificity
(51.4%), and AUC (0.56) (Matsuda et al., detailed
data unpublished). On the other hand, the obtained
specificity of the present assay was relatively low
(76.3%). However, there remains possibility that nine
cases of the “false positive” among the present group
of benign duct diseases (gallbladder stone, common
bile duct stone and hepatolithiasis) included
“premalignancy” with serious inflammation. In fact,
our preliminary histochemical experiments detected
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coincidental expression of WFA-reactive glycans and
sialylated MUCI in premalignant conditions (data not
shown). For this validation, further evaluation of bile
samples from patients with other types of benign dis-
eases, such as primary sclerosing cholangitis and pri-
mary biliary cirrhosis, is needed.

Another important result obtained in this study is
that WFA staining could also distinguish ICC from
HCC elements in the combined type of HCC-ICC
(100% accuracy as far as 10 specimens were examined).
If WFA staining works so perfectly for ICC-HCC dis-

crimination, it should be of great clinical value, because
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Fig. 5. Sandwich ELISA assay with WFA and MY.1E12 in bile from
patients with CC or benign bile duct diseases. The sandwich ELISA
was performed using bile fluids from 30 patients with CC and 38
patients with benign bile duct diseases. (A) Results of the present
sandwich ELISA system with WFA and MY.1E12. Values are expressed
as the ratios relative to those in healthy volunteer sera. As disease
controls, samples from patients with one of three benign biliary tract
diseases (gallbladder stone, common bile duct stone, and hepatoli-
thiasis) were compared with samples from patients with CC. The statis-
tical scores differentiated CC from benign diseases (P = 0.0004). (B)
Results of the conventional sandwich ELISA system with MY.1E12 and
biotinylated MY.1E12. This assay shows significant differences between
samples from patients with benign diseases (P = 0.0138). However,
the significance level was lower in this assay than in the new hetero-
geneous sandwich system using WFA and MY.1E12. The averages and
medians of the samples are represented as the circles and bars,
respectively. (C) The ROC curves obtained for the WFA-MY.1E12 (solid
line) and MY.1E12-MY.1E12 (dashed line) systems to differentiate
patients with CC from those with benign bile duct disease. WFA-
MY.1E12 had a higher sensitivity (90.0%) at a cutoff value of 6.64
and a good AUC score (0.86). The sensitivity, specificity, and AUC
score of MY.1E12-MY.1E12 were 56.7%, 84.2%, and 0.75,
respectively.
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Table 3. Comparison Between WFA-MY.1E12 and Biliary

Cytology
Cytology Class n Diagnosis/ Cytology Diagnosis/WFA-MY.1E12
llla 8 Negative 6/8 (75%)
lllb-IV 6 Suspect 5/6 (83%)
\ 4 Positive 4/4 (100%)

Eighteen bile specimens were analyzed by both WFA-MY.1E12 and biliary cy-
tology. Biliary cytology was diagnosed as positive class V and negative class I,
II, or llla. Classes lllb and IV were diagnosed as suspect. In WFA-MY.1E12, the
diagnosis was made using the cutoff value obtained (7.59) in the ROC curve
analysis (Fig. 5).

this task is quite difficult in conventional pathology.
Moreover, the combined type of HCC-ICC is mostly
fatal, and the cure for ICC differs substantially from
that for HCC: whereas radiotherapy is effective for
HCC, ICC is resistant.>>>® Therefore, the only effective
cure for ICC is presently surgical resection at an early
stage. For this purpose, several markers or diagnostic
systems have been reported. Both cytokeratin families
and epithelial cell adhesion molecule (EpCAM)
expressed in the BDE and ICC can be used to distin-
guish ICC from HCC immunohistochemically.>’*°
Quantitative real-time polymerase chain reaction using
several genes can also distinguish ICC from HCC.*!
Although these approaches target multiple proteins or
genes, the proposed WFA-staining approach is simple
and sensitive, and combination with the former meth-
ods is also possible. Analyzing the expression of WFA-
reactive glycans together with these known markers
should produce more accurate and convenient methods
for diagnosis. To evaluate the usefulness of the WFA-
staining method, increase in the number of combined
type HCC-ICC specimens is inevitable.

In summary, we demonstrated that our newly devel-
oped WFA-MY.1E12 sandwich detection ELISA is a
high-sensitivity diagnostic method for CC using bile
specimens. Because our new method has much higher
sensitivity than biliary cytology, its inclusion in the
routine testing for CC in biliary diagnosis is promis-
ing. A further validation study with a much larger
cohort is the most necessary step to establishing the
usefulness of testing for this glycoprotein marker.
Structural analysis of glycans of WZFA-associated
MUCI remains to be carried out in a more rigorous
manner. This should give useful clues to design a
more specific probe (i.e., antibody) than the WFA lec-
tin used in this study. In this respect, our ultimate
goal is to develop a robust diagnostic system directly
applicable to serum.
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